Background and Purpose-Platelet glycoprotein IIb/IIIa (GpIIb-IIIa), a membrane receptor for fibrinogen and von Willebrand factor, has been implicated in the pathogenesis of acute coronary syndromes but has not been previously investigated in relation to stroke in young adults. Methods-We used a population-based case-control design to examine the association of the GpIIIa polymorphism P1A2 with stroke in young women. Subjects were 65 cerebral infarction cases (18 patients with and 47 without an identified probable etiology) 15 to 44 years of age from the Baltimore-Washington region and 122 controls frequency matched by age from the same geographic area. A face-to-face interview for vascular disease risk factors and a blood sample for the P1A2 allele and serum cholesterol were obtained from each participant. Logistic regression was used to estimate the odds ratio for one or more P1A2 alleles after adjustment for other risk factors. Results-Among cases and controls, the prevalence rates of one or more P1A2 alleles were 21% and 22% among blacks and 36% and 28% among whites, respectively. This genotype was significantly associated with hypertension only in black control subjects but otherwise not with any of the established vascular risk factors. The adjusted odds ratio for cerebral infarction of one or more P1A2 alleles was 1.1 (confidence interval [CI], 0.6 to 2.3) overall, 0.5 (CI, 0.1 to 7.1) among blacks, and 1.4 (CI, 0.5 to 3.7) among whites. For the cases with an identified probable etiology, the corresponding odds ratios were 3.0 (CI, 0.9 to 10.4) overall, 0.7 (CI, 0.1 to 7.1) among blacks, and 12.8 (CI, 1.2 to 135.0) among whites. Conclusions-No association was found between the P1A2 polymorphism of GpIIIa and young women with stroke.
C erebral infarction in young adults is etiologically diverse, 1 and a large number of risk factors have been identified, including older age, black race, hypertension, diabetes mellitus, hypercholesterolemia, and cigarette smoking. Family history of stroke has also been implicated as a risk factor [2] [3] [4] ; however, few genetic risk factors for ischemic stroke have been established.
Platelet membrane glycoprotein IIb/IIIa (GpIIb-IIIa) is a platelet membrane receptor and member of the integrin family of adhesive molecules that, when activated, binds fibrinogen and von Willebrand factor, thereby promoting platelet aggregation and thrombosis. 5 The gene encoding the GpIIIa arm of the integrin molecule is polymorphic at exon 3; the more common allele encodes a leucine (P1A1), and the less common allele encodes a proline (P1A2). 6 Recently, the P1A2 allele of GpIIb-IIIa was reported to be an inherited risk factor for acute coronary artery events, specifically among younger white adults in some 7, 8 but not all 9 reports. There have been two reports showing no association of this polymorphism with stroke, 9, 10 but neither study focused on young adults. We postulated that the platelet polymorphism P1A2 may be a hereditary risk factor for cerebral infarction in young adults. We examined this hypothesis in a population-based casecontrol study in young women in the Baltimore-Washington area in analyses among both whites and blacks and for cases with and without a clinically identified probable etiology.
Subjects and Methods
The Stroke Prevention in Young Women Study is a population-based case-control study in the Baltimore-Washington area initiated to study risk factors for ischemic stroke in young women. P1A genotyping was performed in a total of 65 case patients and 122 control subjects. Cases were female patients 15 to 44 years of age with a first cerebral infarction, identified by discharge surveillance at 59 regional hospitals and through direct referral by regional neurologists. The methods for discharge surveillance, chart abstraction, case adjudication, and assignment of probable and possible underlying causes have been described previously. 1, 11 Using published criteria, 1 the case subjects were divided into two mutually exclusive groups: patients with an identified probable underlying cause for their stroke (nϭ18) and those without an identified probable underlying cause (nϭ47). The group with an identified probable underlying cause for stroke was composed of patients with atherosclerosis (Ͼ60% ipsilateral stenosis) (nϭ6); cardiac or transcardiac emboli (nϭ5); nonatherosclerotic vasculopathy, which included cocaine-associated cerebral infarction with no alternate cause, dissection, Takayasu's arteritis, and other vasculitides (nϭ4); and hematologic disorders, which included antithrombin III deficiency, sickle cell thalassemia with history of recent crisis, cancerassociated hypercoagulable state, and thrombotic thrombocytopenic purpura (nϭ4). One patient had both an atherosclerotic and an embolic source for her stroke.
The group without an identified probable underlying cause for stroke was composed of cases with a possible underlying cause (nϭ25) and cases with no identified probable or possible cause (nϭ22). The possible causes were equivocal cardioembolic sources of embolism (nϭ6), which included 1 case with recent illicit drug use and 1 with a possible contributing hematologic cause; lacunes (nϭ5), which included 1 case with a possible contributing role for migraine and 1 with an equivocal cardioembolic source; recent illicit drug use (nϭ4); possible migrainous stroke (nϭ3), including 2 cases with concurrent oral contraceptive use; atherosclerosis (Յ60% stenosis) (nϭ3); pregnancy-associated stroke (nϭ2); and oral contraceptive use (nϭ2).
Case patients were also classified as having large-vessel extracranial disease or intracranial disease (nϭ36), small-vessel disease (nϭ6), or indeterminate (nϭ23), a category that included more than one vessel type, based on both clinical and radiological features.
Control subjects were women without a history of stroke, frequency matched by age and geographic region of residence to the cases, identified by random-digit dialing.
The P1A genotyping for the GpIIIa polymorphism was performed as follows: Genomic DNA was isolated from 0.2 mL frozen whole blood with a QIAmp blood isolation kit (Qiagen)* according to the manufacturer's recommendations and eluted with 200 L Tris HCl (pH 8.0). Five microliters of purified DNA was used in a polymerase chain reaction containing primers (5Ј ttctgattgctggacttctctt 3Ј and 5Ј tctctccccatggcaaagagt 3Ј) in a final volume of 50 L to yield a 266 bp DNA product. 12 One tenth (5 L) of the amplified DNA was digested to completion with restriction endonuclease Msp-I (Promega) and electrophoresed in a 10% polyacrylamide gel to generate three genotype-related patterns as described by Weiss et al. 7 DNA specimens corresponding to all three genotypes that had been verified by DNA sequencing were included in the laboratory genotyping process as controls. Genotyping was performed by laboratory personnel blinded to the protocol, and each sample was examined two or more times with concordant genotype results. Furthermore, independent confirmation of genotypes was obtained by blinded analysis of a subset of samples in the laboratory of P.G.-C. and P.B. with use of reverse dot blot hybridization and by Msp-I restriction endonuclease, assay as previously described. 13 Only four study participants were homozygous for the P1A2 allele (3 case patients and 1 control subject). Because of the small number of homozygotes and because there is evidence that heterozygotes are also associated with increased vascular risk, 7 the homozygous and heterozygous groups were combined.
Potential confounders of the association between the P1A2 alleles and stroke included age, race, hypertension, diabetes mellitus, high blood cholesterol, and cigarette smoking. Hypertension and diabetes mellitus were determined by asking study participants (or the proxy, if a participant was unable to answer) if they had ever been told by a physician that they had the condition. Similarly, age, race, and current smoking status were determined by subject or proxy report. Cholesterol was measured according to standard practice, 14 with Ն200 mg/dL considered a high blood cholesterol level.
t tests were used to compare means and 2 tests to compare proportions. All probability values were two sided. Adjusted ORs derived from logistic regression were used to determine whether the presence of the P1A2 allele was associated with an increased risk for stroke after controlling for differences in age, race, hypertension, diabetes mellitus, high blood cholesterol, and cigarette smoking status. Table 1 compares women with a first cerebral infarction and control subjects with respect to the major known vascular risk factors. Cases and controls were matched for age. Cases were more likely than controls to be black (49.2% versus 37.2%), were significantly more likely to have hypertension and diabetes, and tended to have higher cholesterol levels and higher cigarette smoking rates. The risk-factor profile of persons with stroke due to an identified probable underlying cause was similar to that for all strokes (mean age, 36.5 years; black race, 44.4%; history of high blood pressure, 33.3%; diabetes mellitus, 33.3%; high blood cholesterol level, 50%; former smoker, 16.7%; and current smoker, 55.6%).
Results
The case patients were more likely to have traditional vascular disease risk factors than were the controls; if these factors were also associated with the P1A2 allele, these factors could confound the relationship between the P1A2 allele and stroke. Table 2 examines the association between the risk factors described above and the P1A2 allele among controls, stratified by race. Hypertension was associated with the P1A2 allele among blacks only (Pϭ.015); no other associations achieved statistical significance. Table 3 examines the association between genotype and cerebral infarction, overall and stratified by race. Among the cases and controls, the P1A2 polymorphism was slightly more prevalent in whites (36% and 28%, respectively) than in blacks (21% and 22%, respectively). After adjustment for differences in age, race, hyperten-*Use of trade names is for identification only and does not imply endorsement by the US Department of Health and Human Services. sion, diabetes mellitus, high cholesterol and current smoking status, the presence of at least one P1A2 allele conferred an OR for stroke of 1.1 (95% CI, 0.6 to 2.3). In addition, there was a suggestion that the P1A2 allele is a stronger risk factor for stroke among whites (OR, 1.4) than among blacks (OR, 0.5). Table 4 examines the association between genotype and stroke among young women in the subset with an identified probable underlying cause of cerebral infarction (nϭ18). Compared with the controls, these cases had a substantially higher prevalence of the PIA2 allele (50% versus 25%). The presence of the allele was associated with a threefold increased risk for stroke adjusted for other factors (95% CI, 0.9 to 10.4). This increased risk was exclusively due to the stronger association among white women (adjusted OR, 12.8; 95% CI, 1.2 to 135.0). In contrast to these findings among whites, the P1A2 allele was not associated with an increased risk of stroke among blacks (adjusted OR, 0.7; 95% CI, 0.1 to 7.1).
Cases without an identified probable underlying cause of cerebral infarction were also examined in race-stratified analyses and did not show an association between genotype and risk for stroke (data not shown).
Among cases classified as having an intracranial or extracranial large-vessel stroke (nϭ36), the adjusted ORs were 0.7 (95% CI, 0.2 to 1.8) overall, 1.3 (95% CI, 0.3 to 4.8) for whites, and 0.1 (95% CI, 0.01 to 1.6) for blacks. The limited number of small-vessel strokes (nϭ6) precluded meaningful analyses in this subgroup. Among cases classified as having an indeterminate or mixed vessel type (nϭ23), the adjusted ORs were 2.4 (95% CI, 0.9 to 6.5) overall, 3.1 (95% CI, 0.7 to 13.3) for whites, and 1.5 (95% CI, 0.3 to 6.9) for blacks.
Discussion
This study of stroke in young women did not show a significant association between P1A2 and all cerebral infarctions. Subgroup analyses, performed with a previously published classification system 1 indicated more of an effect among stroke cases with an identified probable etiology than among those with no identified probable etiology. P1A2 has been reported to be associated with cardiac disease, 7, 8 almost exclusively a large-vessel process. However, our data do not support an effect predominantly among large-vessel strokes. Compared with MI, stroke is a more heterogeneous process, with multiple etiologies. We could identify an association between P1A2 and stroke of diverse identified causes, including atherosclerosis, cardiac emboli, nonatherosclerotic vasculopathy, and hematologic conditions. This suggests that the P1A2 allele could interact with other conditions predisposing to stroke, analogous to the effect of the factor V Leiden mutation on the risk of cerebral venous thrombosis. 15 Women with a condition strongly predisposing to stroke may be more likely to have a stroke at an earlier age if they have the P1A2 allele than women without the allele.
It is known that the P1A2 allele is less prevalent in black than in white populations (16% versus 20% with one or more alleles), 16 but prior studies of the association of P1A2 with thrombotic events have not included blacks. Among black control subjects, we noted an increased prevalence of P1A2 positivity in those with hypertension. However, since our data do not support an association of the P1A2 allele with stroke in young black women, further studies will be needed to clarify the role of P1A2 in stroke and hypertension among blacks.
Prior research on the relation of the P1A2 allele to vascular disease has shown varying results. The original observation by Weiss and coworkers 7 from Baltimore among 71 white men with myocardial infarction or unstable angina and 68 inpatient controls showed a P1A2 prevalence of 39.4% among the cases and 19.1% among the controls. The overall association was predominantly due to the effect among the 42 patients under 60 years of age, where this allele had a prevalence of 50% and was 3.6 times more frequent in patients than among controls. 7 These observations were supported by a report by Carter et al 8 from Leeds, England, where the P1A2 allele was found in 50% of 24 white men with myocardial infarction before age 47 and in 27% of 45 age-matched controls. In contrast, a report based on men in the Physicians' Health Study 9, 17 failed to show an association between the AlA2 allele and myocardial infarction (nϭ374), ischemic stroke (nϭ146), or venous thromboembolism (nϭ121). No association was evident even when the analysis was limited to patients younger than 60 years of age. Carlsson and coworkers 10 found no difference in the prevalence of P1A2 or other human platelet antigen polymorphisms between 218 patients with ischemic stroke or transient ischemic attacks and 165 neurological inpatients without acute or recent signs of cerebrovascular disease and 321 healthy blood donors. The mean age of the patients with cerebral ischemia was 62.1 years; analyses were not stratified by age.
These disparate results can be considered in the context of the several different explanations for an association of a genetic marker with disease. 18 First, the marker allele may be a part of the pathological process and define a susceptibility locus. The role of GpIIb-IIIa as a platelet membrane receptor that binds fibrinogen and von Willebrand factor provides a biological rationale for this possibility. 5 Second, the marker allele may not cause the trait but may be in linkage disequilibrium with an unobserved "high-risk" allele at a different susceptibility locus. Linkage disequilibrium is a function of the history of the population, and thus true associations due to linkage disequilibrium can occur in one population and not in another. Third, positive associations can also occur as an artifact of population admixture. There may be confounding between unrecognized subgroups of the population, in which both the marker allele frequency and the disease prevalence differ across strata of the population. Confounding may also obscure the presence of a susceptibility locus or linkage to such a locus. This potential problem may be expressed in different ways in different populations. Therefore, the disparate results among studies of the association of the P1A2 allele with disease may be due to linkage disequilibrium, confounding by population admixture, or age differences. Our population-based case-control design with analysis stratified by race was intended to minimize the problem of population admixture.
A limitation of our study is the small sample size, which increases the likelihood of both type 1 and type 2 errors. Because stroke in the young is uncommon, it is difficult to obtain a large population-based patient group for a case-control study. Ours is the only study of the P1A2 allele in a multiracial population of young women. Our results are promising, because the wide confidence intervals do not exclude the possibility of an OR in the range of 2 to 4 for the overall group. Similarly, the strong effect among the subgroup of white women with an identified probable cause, while statistically significant, also had wide confidence intervals and will require replication.
The formation of a platelet clot requires the binding of fibrinogen and von Willebrand factor to its receptor, GpIIbIIIa, on the platelet surface. 5 Antiplatelet therapy has been a mainstay of both primary and secondary stroke prevention. This therapy has included aspirin, which inhibits platelet cyclooxygenase and thromboxane A2 production, and ticlopidine, which inhibits ADP activation of GpIIb-IIIa. 19, 20 Other antiplatelet agents that selectively inhibit the Gp receptor have been developed. 21 P1A2 is a highly prevalent polymorphism in both whites and blacks. Confirmation that this allele affects susceptibility to stroke would raise the prospect of stroke prevention efforts specific to genotype status. Further work in this area with an emphasis on stroke subtypes and with multiracial populations is warranted.
